responsible, at least in part, for converting dominant, long-range insulators into local regulatory elements that isolate neighboring iab domains. The tmr Contains a Promoter Targeting Activity The minimal, 590 bp Fab-8 insulator can block the distal al., 1998, summarized in Figure 1 ). The tmr contains two embryonic enhancers, IAB7 and IAB8, as well as the rhomboid NEE when positioned 3Ј of the lacZ reporter gene (Figure 3 ). In these experiments the H1 enhancer Fab-8 insulator (Zhou et al., 1999) .
Results

Identification of the Minimal Fab-8 Insulator
In the present study, we conduct additional analyses was placed 5Ј of the white and lacZ reporter genes as an internal control (Figures 3A and 3B ; see diagrams). of the tmr in an effort to identify regulatory sequences that might mediate long-range enhancer-promoter inIn the absence of Fab-8, both enhancers mediate composite patterns of white and lacZ expression that consist teractions. The 1.7 kb Fab-8 region is shown to contain two closely linked elements: an insulator and the PTS.
of an anterior band (H1) and lateral stripes (NEE). The insertion of Fab-8 between lacZ and the 3Ј NEE alters In transgenic assays, the PTS permits distal enhancers to overcome the blocking effects of Fab-8 and the heterthe white and lacZ staining patterns ( Figures 3C and  3D ). Expression is now detected only in anterior regions, ologous su(Hw) insulator. We suggest that the PTS is These results suggest that the activation of white is not due to random position effects, but is specifically mediated by promoter targeting sequences contained Identification of the Minimal PTS within the 1.7 kb Fab-8 DNA. The most important impli-A transgenic embryo assay was devised to identify the cation of this experiment is that the 1.7 kb fragment minimal sequences within the tmr and 1.7 kb Fab-8 DNA contains sequences that permit the distal IAB7* enthat abrogate the enhancer blocking activity of the Fab-8 hancer to overcome the blocking activity of the minimal insulator. Particular efforts focused on a 625 bp fragment that contains the P302 insertion (see Figure 2 ) and Fab-8 insulator.
AE1 directs seven stripes of lacZ expression in response to endogenous ftz products ( Figure 5C ). IAB8 directs both an intense posterior stripe of lacZ expression as well as weaker staining in anterior regions ( Figure  5A ). The minimal enhancer might lack repressor elements that normally block this anterior staining (see Figure 4) . The Flp-frt strategy was used to eliminate complications in interpretation due to position effects (see Figure 4) . Eight independent transgenic lines exhibited intense lacZ expression when the PTS was positioned between the insulator and 3Ј IAB8 enhancer (represented by the staining shown in Figure 5A ). In every case, lacZ expression was virtually lost upon removal of the PTS (e.g., Figure 5B ). In a ninth transgenic line, IAB8 activated the distal white reporter gene rather than lacZ, and this expression persisted after removal of the PTS. These results suggest that the site of insertion interfered with the enhancer blocking activity of the su(Hw) insulator in just one of the nine lines tested. Figure 6A ). However, S10/P302 tion (data not shown; see blocking assay in Figure 2) . and S10/iab-7 R73 transheterozygotes exhibit abdominal However, when positioned 3Ј of lacZ, the 625 bp PTS transformations ( Figures 6E and 6F) . is able to suppress the enhancer blocking activities of The P302 mutation produces a transformation of A7 the su(Hw) insulator from the gypsy retrotransposon to an A6/A5 segment identity, as well as a weaker A6 (Figure 5) . to A5 transformation ( Figure 6E ). These phenotypes are Two different distal enhancers were tested in these consistent with a reduction in IAB7-Abd-B interactions assays, the minimal IAB8 enhancer (Figures 5A and 5B) ( Figure 6E ). In addition, there is a slight transformation and the heterologous ftz autoregulatory enhancer pends on both the tmr and regulatory sequences in the We propose that proteins bound to the PTS somehow Abd-B 5Ј promoter region . It has stabilize enhancer-promoter complexes and thereby been suggested that these 5Ј regulatory elements help help distal enhancers overcome the blocking activity of tether distal iab enhancers to the Abd-B promoter (Sipos an intervening insulator. Moreover, a stable enhanceret al., 1998). Thus, the PTS might work in concert with promoter complex might prevent the enhancer from indedicated enhancer-promoter interactions to ensure teracting with additional promoters once a target prothat distant iab elements can overcome the blocking moter is selected. PTS elements might play a role in effects of intervening insulators. Specific enhancerthe selection of a single receptor gene in mammalian promoter interactions have been observed in a number odorant complexes (Mombaerts et al., 1996 ). An alternaof Drosophila loci, including the Antennapedia complex tive model is that the PTS works in a local fashion to (Ohtsuki et al., 1998) , gooseberry (Li and Noll, 1994), and inhibit linked insulators. For example, proteins bound dpp (Merli et al., 1996) . to the PTS might physically interact with proteins bound to neighboring insulators. hancers to overcome the blocking effects of Fab-7 and
The P transformation vector shown in Figure 5C was prepared as Toward a molecular genetic analysis of spermatogenesis in DroTen independent transformants were obtained for the recombinant sophila melanogaster: characterization of male-sterile mutants gen-P element shown in Figure 4 , and four exhibited specific IAB7*-white erated by single P element mutagenesis. Genetics 135, 489-505. interactions. A total of 36 independent lines was obtained for the recombinant P transformation vector shown in Figure 5A 
